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Potato puree and sauerkraut juice are valuable raw material resources that can improve the ability of the gluten free 
dough to release gas and CO2. The starchy carbohydrates in the potatoes, modified due to the heat treatment and the 
vitamins, minerals, salt, acids, cellulose, sugars in the sauerkraut juice are a rich source of elements to increase the 
amount of gas, thus an improvement in the fermentation of the gluten free dough. This study evaluated the amount of 
CO2, using a volumetric method and the batch bioreactor to study the fermentation of a "gluten free" dough made of 
rice flour which is replaced with potato puree in proportion of 10%, 20%, 30%, 50%, 70% and water replaced with 
sauerkraut juice according to the material balance sheet. The results showed that the highest amount of CO2, of 1670 ml 
NaCl, was obtained in the sample where 10% of the flour was replaced with potato puree, sauerkraut juice was used 
and the dough moisture was 60%. Because the reference taken was the dough made from commercially available mixes 
combined with water, it was observed that the new materials used in this study are a good choice, being natural and 
healthy for the body, able to produce high volume gluten free products and being a waste recovery variant in the food 
industry. 
  
Keywords: gluten free; fermentation; sauerkraut juice; potatoes puree; rice flour. 
 
INTRODUCTION 
The food industry that can provide a chance to survival for those diagnosed with gluten 
intolerance. The celiac disease is an autoimmune enteropathy triggered by the ingestion 
of gluten found in cereals (Biagi et al. 2008; Balakireva and Zamyatnin, 2016).  
 The fermentation of the dough for “gluten free” products is made by means of the 
baking yeast belonging to the Saccharomyces genus, the Sacharomyces cerevisiae 
species and sometimes lactic bacteria from exogenous sources, cereals and 
pseudocereals (Minervini et al. 2010; Vogelman et al. 2009; Maroni, 2010). The 
fermentation has several functions, including: flavor enhancement and CO2 production. 
In the gluten-free products, it increases acidity, decreases the pH, reduces the anti-
nutritional compounds such as tannins (Obitoza, 1994) the non-digestible 
oligosaccharides (Holzapfel, 1997), and improves the amount of essential amino acids 
(Adams, 1990). The moisture of the doughs obtained by reconstituting the premixes is 
high because most of the raw materials belong to the category of hydrocolloids used as 
gluten substitutes. Water or milk is used to reconstitute the powder premixes. There are 
other liquids that could be reused as they are food waste, such as sauerkraut juice which 
has a complex chemical composition. The fermented cabbage juice contains lactic acid, 
vitamins, minerals, sodium chloride, β-carotene, thiamine, riboflavin, nicotinic acid, 
ascorbic acid, calcium pantothenate, cellulose, sugars, water (Nour, 2014) and 





used to study the fermentation process of colloidal mixtures (doughs) such as the one using the Chopin rheofermentometer 
(Jinxin et al. 2019) as well as a volumetric method of measuring the amount of CO2, as the volume of saline solution 
displaced by the fermentation gases (Iancu, 2015). 
Because foods with few chemical preservatives are preferred, it has been decided to use the liquid resulted from preserving 
the cabbage by natural acidification. This study aimed at the ability of dough made from commercially available premixes 
for gluten free products and original mixes with rice flour replaced with potato puree (10%, 20%, 30%, 50% and 70%) to 
form gas. Water and sauerkraut juice were used to make the colloidal mixture (the dough). A bioreactor was used to measure 
the volume of carbon dioxide released for 3 hours. 
 
MATERIALS AND METHODS 
 Materials 
Mix Koncentrat: www.glutenex.com.pl (Poland) containing: corn starch, gluten-free wheat starch, sugar, guar gum, 
hardeners, grape sweeteners, gluten-free wheat cellulose, pectin, emulsifiers as mono and diglycerides of fatty acids. 
Commercially available whole meal rice flour containing: 6.5% proteins, 2.8% lipids, 70.9% carbohydrates, 6.5% fibers. 
Rizopan gluten-free flour (National Research and Development Institute for Food Bioresources, Bucharest, Romania) 
containing: rice flour, corn starch, milk protein, sugar, binding agent E466 (carboxymethylcellulose), xanthan gum (E415) 
- Gemini Natromind, for texture and volume, fresh yeast "PAKMAYA" (S.C. Rompak Pașcani, Romania), containing cells 
of Saccharomyces cerevisiae. 
Store-bought granulated sugar, salt (NaCl) (Salina Ocna Mureș, Alba, Romania), tap water, white potato, a variety of 
early dormancy potato with a high amount of starch like Lady Claire (Potato Research and Development Station Târgu 
Secuiesc, Covasna, Romania), unpasteurized, frozen sauerkraut juice (collected from the 2019 production of the vegetable 
canning technology laboratory of the Faculty of Agricultural Sciences, Food Industry and Environmental Protection). 
 
 Preparing the Potato Puree 
 The potato puree (mashed) is obtained by hydro thermally processing the unpeeled raw potato for 30 minutes at water 
boiling temperature, then cooling it, peeling, and mashing it by passing it through the 2 mm mesh sieve (HV4 mixer with 
ф2 mm sieve). 
 Preparation of the dough from the analyzed premixes: the materials are dosed by weighing and mixed (analytical 
balance type WPS 210/C/1 Partner, magnetic stirrer IKA RH basic 2, stop-clock timer, JZ mixer, SADKIEWICZ- Poland- 
elliptical movement, two spiral arms, kneading, 6 speeds (medium speed used, level 2). The recipe used for the original 
mix created on the development of this study is the following: rice flour, mashed potatoes that replace rice flour as follows: 
10; 20; 30; 50; 70 g out of 100 g of flour; yeast 5%; salt 1%, sugar 1%, xanthan 1%, liquid up to the consistency of 60% 
moisture. The percentage was expressed for 100 g of flour. 
 The temperature of the dough, resulting at the end of kneading is 27-28 oC. 
 
 Methods of Analysis 
 CO2 measurement method 
The device (an innovation of the author of the present study) that was used in this study measures the amount of gas 
released during the fermentation of the dough, expressed as the volume of NaCl solution. The volume of NaCl solution 
accumulated outside the fermentation vessel represents the volume of the released CO2 expressed in ml. It was measured 
using a graduated cylinder (CO2 volume measurement method) (Iancu, 2015). For this study we used: the bioreactor for 
dough fermentation (own installation created in the laboratory of the faculty of the Agricultural Sciences, Food Industry 
and Environmental Protection) which is structured in 3 areas: the regulation area, the cultivation area and the CO2 volume 
measurement area. The kneading temperature of the dough is 30oC, maintained constant due to the use of an external 
circulation bath as a component of the bioreactor. 
Humidity (thermobalance AND ML-50), titratable acidity (TA) (g/100g, expressed as lactic acid)(AOAC 942.15, 
2000); soluble solid content (TSS)(oBrix) (IS 13815:1993)(refractometer Krṻss, Germany, connected to an 
ultrathermostated bath room Brookfield, with the outer circulation); relative density (SR EN 1131:1996) (DMA 35, Spain); 
pH (pH-meter Orion 2-STAR, England), viscosity ( m2x s or (cSt)) (3-branch Ubbelhode viscosimeter no.1) (Will et al. 
2008), growth power (fast method), NaCl content (STAS 90/1988).  
Coding the studied samples: Mix Koncentrat with water (MKW); Mix Koncentrat with sauerkraut juice (MKSK); 
Rizopan flour with water (RFW); Rizopan flour with sauerkraut juice (RFSK); rice flour with sauerkraut juice (FRSK); 
rice flour with 10% potato puree with sauerkraut juice (FRPSK-10); rice flour with 20% potato puree with sauerkraut juice 
(FRPSK-20); rice flour with 30% potato puree with sauerkraut juice (FRPSK-30); rice flour with 50% potato puree with 
sauerkraut juice (FRPSK-50); rice flour with 70% potato puree with sauerkraut juice (FRPSK-70), SK-sauerkraut juice, P-
potato puree.   
 Statistical analysis 
 
 
The amount of CO2 was measured in three replicates. The Origin Pro 9 software was used for processing. The 
differences between the values were made by means of Analysis of variance (ANOVA) using “t”-test at 5% significance 
level. The differences with p-values < 0.05 were considered significant. 
 
RESULTS AND DISCUSSIONS  
In the reception area of the technological scheme for the preparation of gluten-free dough, quantitative laboratory analyses 
were performed for the raw materials and the results are shown in tables 1a and b. The analyses were performed in three 
replicas and the results show a significant difference p ˂ 0.05. 
 
Table 1a. The humidity of the powders used to study the fermentation of the gluten-free dough 
Quality Indicators ”Koncentrat” Mix ”Rizopan” Flour Rice flour 
Humidity, [%] 11.4 ± 0.3 10.4 ± 0.55 12.7 ± 0.44 
 
Table 1b. The humidity of the potato puree (masched potato), yeast and gum used to study the fermentation of the 
gluten-free dough 
Quality Indicators Lady Claire Masched Potatoes Baking Yeast Xanthan Gum 
Humidity, [%] 11.4 ± 0.3 10.4 ± 0.55 12.7 ± 0.44 
 
 







Relative Density Kinematic Viscosity 
 [cSt] 
Bakery Yeast 68.90 ± 0.4    
Sauerkraut juice  4 ± 0.09 1.021 ± 0.22 1.2098 ± 0.21 
 
The calculation formulas used to determine the amount of liquid required for the preparation of 60% humidity mixtures 
used in the fermentation study are: 
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X 1,2,...n-component 1,2 to n,  from the recipe, in g, 
H x1,2……n-humidity of the components in the recipe, in %, 
equation 1-total material balance, 
equation 2-partial material balance. 
 
The calculations performed are theoretical. The average value used for them is shown in Tables 1 and 2. Therefore, 
Table 3 shows the results without the significance level. 
 
Table 3a. Amount of liquid, W and SK, to be added to the dough made of commercial premixes such as Koncentrated 
Mix and Rizopan flour 
 
Sample MKW MKSK RFW RFSK 
*AL,[%] 84.68 87.7 86.83 90.32 
*Amount of liquid water (W) or sauerkraut (SK) added, reported to 100 g of powdery material 
Table 3b. Amount of SK to be added to kneading gluten-free dough with potato and rice flour 
Sample FRSK FRPSK10 FRPSK20 FRPSK30 FRPSK50 FRPSK70 
**ASK, [%] 87.92 81.86 75.8 69.73 57.66 45.49 
 
**Amount of SK (sauerkraut juice)- added, reported to 100 g of powdery material 
The amount of liquid that is added is influenced by the moisture of the ingredients of the recipe. The value of 60% was 
chosen because this is the moisture of the dough that turns wheat flour into bread (Bordei, 2005). A 3.5% increase of the 
 
 
amount of liquid that is added was noticed in sample MK and a 4% increase in sample RF. This is because sauerkraut juice 
has a soluble dry matter content of 4% which implies using a larger amount to compensate for the hydration of the 
components of the powdery premix. 
The higher the percentage of Lady Claire potato puree, the lower the amount of SK used. The decrease is by 48.25% 
of the amount of SK compared to the variant without potato (control) (Tables 3). 
 
 
Figure 1. Dynamics of the fermentation of gluten free dough with and without the addition of P and SK 
 
In the study of fermentation for 5 hours of the dough made from wheat flour which is progressively replaced with potato 
puree, it was observed that a quantity of gases of 590-1007 ml NaCl was released in the first hour of fermentation and 65-
110 ml NaCl in the fifth hour of fermentation (Iancu, 2015). In the current study the amount of CO2 in the third hour of 
fermentation is 20-200 ml, which is very small and therefore the study stopped after 3 hours. However, the intensity of the 
fermentation is maintained, which is also higher in the first hour regardless of the additions (P) and the nature of the liquid 
(SK) used for kneading the dough (figure 1).  
The amount of P made of Lady Claire variety potatoes, which replaces the flour, is 10-70% (figure 2), and water and 
SK were used for kneading. 
The addition of P and SK has significant influences (p ˂ 0.05), and the highest level was obtained for the sample with 
10% P which is 1670 ml NaCl and SK 81.6%. 
The influence of the addition of SK is significant (p˂0.05) and is observed in the samples with MK and RF in which 
the control sample is made with water. Thus, the increase of the amount of CO2 in the sample with MK is 100% and in the 
one with RF is 12% compared to the same samples but kneaded with water. The chemical composition of SK is complex 
and favorable to the fermentation microorganisms (figure 1.). SK has an acidic pH and nutrients like glucose (17.3 g/kg), 
fructose (24 g/kg), sucrose (1.4g/kg), ascorbic acid (18.9 mg/100g), microorganisms and lactic acid bacteria, 
enterobacteriaceae, yeasts and mould, acidic pH (3.5-5.5), acetic acid (1.5-1.9 g/kg), lactic acid (5.2-8.7 g/kg), ethanol 
(Wolkers-Rooijackers, J.C.M et al, 2013) that have increased the gas-forming ability of the mixture from the first hour of 
fermentation. 
The macromolecular carbohydrates of the potato puree are difficult to be attacked by yeasts. The fermentation time 
does not help either, but rather the time of 3 hours is enough to prove this aspect. It can thus be predicted that the dough 
will be kneaded using the direct method and will be divided at the end of kneading so that all fermentation would take 
place in the form. Thus, the largest amount of CO2 is mechanically retained in the mixture and thus a higher volume of the 
finished baked product will be obtained. 
The addition of P has significant influences (p ˂ 0.05) on the amount of CO2 that is determined using the bioreactor in 
which the gluten free dough ferments. 
This study proved that the mixture containing Lady Claire potato pulp released a higher amount of CO2 than the other 
samples. The highest value was obtained in sample FRPSK10, which was 1670 ml NaCl, however a lower value than the 
one for the wheat flour mixture. The sample containing commercially available premixes that do not contain potato but 
only sauerkraut juice has a total amount of 780-1560 ml NaCl, which is lower than for the samples containing potato (figure 
2). 
In other studies, the total amount of CO2 measured during the fermentation of dough made from wheat flour and Lady 
Claire potato pulp was maximum 2006 ml CO2 if 20% of the wheat flour was replaced with potato puree. At values 
exceeding 20%, the volume of CO2 decreased, the yeast being stressed due to the high content of difficult to attack 





Figure 2. The influence of the addition of P Lady Claire variety on the fermentation capacity of a gluten 
free premix, reconstituted with SK. 
 
 
Figure 3. Total amount of CO2 (ml/3h) measured at the fermentation of gluten free dough: MKW- Mix 
Koncentrat with water; MKSK- Mix Koncentrat with sauerkraut juice; RFW Rizopan flour with water; 
RFSK-Rizopan flour with sauerkraut juice; FRSK -rice flour with sauerkraut juice; FRPSK-10-rice flour 
with 10% potatoes puree with sauerkraut juice; FRPSK-20-rice flour with 20%  potatoes puree with 
sauerkraut juice; FRPSK-30- rice flour with 30% potatoes puree with sauerkraut juice; FRPSK-50 rice flour 
with 50% potatoes puree with sauerkraut juice; FRPSK-70 rice flour with 70% potatoes puree with 
sauerkraut juice. 
 
The total amount of CO2 provides information about the ability of the fermenting mixture to "form gases" during the 
technological process of obtaining baked gluten-free products. It also provides information on the direct or indirect method 
of preparing the dough, modeling and choosing when to bake it. 
The influence of the addition of P and SK on the amount of CO2 was significantly different (p ˂ 0.05). 
It is observed that replacing water with sauerkraut juice led to an increase of 56% of the amount of CO2 and the addition 
of potato puree caused an increase of 53.5% of the amount of CO2 for a percentage of flour replacement of 10% and 
respectively 30% (figure 3). We can compare the FRPSK samples with the MKW and MKSK samples and observe that 
the SK were used only with RF in order to highlight the influence of the potato puree used as a replacement percentage of 
the powdered materials described, a percentage which was big enough to minimize the influence of the chemical 
composition factors. The samples containing water were compared to those containing sauerkraut juice because water is 
generally used in the baking industry, as well as in the reference studies to which these results were compared. 
 
 
The most important technological feature of the baking yeast is its fermentation capacity. The culture environment for 
Saccharomyces cerevisiae generally contains, among other components, sources of potassium, magnesium and ammonium, 
which are added in the form of synthetic chemicals (Farmakis et al, 2007). The potato can provide some of these growth 
factors such as K, Mg, ascorbic acid, vitamin B1, B2, B6, PP, for microorganisms, naturally, more than other nutrients used 
in the bakery product manufacture such as sauerkraut juice. The carbohydrate sources, such as potatoes or tapioca are used 
for making gluten-free dough (Measure et al, 2016). The changes occurring during the gluten-free dough fermentation and 
the CO2 release are due to the morphology of the starch granules, the water absorption and the high temperature (80oC) 
(Martinez, 2017). 
In this research we have noticed that the modified (pre-gelatinized) starch from the potato puree is more easily attacked 
by yeasts up to certain concentrations. The favorable pH conditions and the presence of nutrients in the sauerkraut juice 
have confirmed the stimulation of the carbon dioxide (CO2) production. 
 
CONCLUSIONS 
The influence of the Lady Claire potato puree and the sauerkraut juice has been proven to be beneficial by means of 
biotechnological and physicochemical analyses, if we take into account the amount of liquid that is added respecting the 
humidity of the dough which must always be the same. Sauerkraut juice stimulated the gas production in all the samples 
both made of the commercially available complex mixtures and developed on the occasion of this study, i.e. with a variable 
content of potato puree and rice flour. A good theoretical option for calculating the amount of liquid to be used is totally 
and partially employing the material balance sheet. The potato puree of Lady Claire variant increases the amount of CO2 
released in the gluten-free dough. The dough fermentation time has a maximum gas release in the first hour of fermentation 
and it is recommended that the entire fermentation period should not last more than 2 hours, in a continuous process of 
making "gluten free" products. It is recommended to use the variant with rice flour, 10% potato puree, 1% xanthan gum, 
1% sugar, 5% fresh baking yeast and sauerkraut juice instead of water, depending on the moisturizing capacity of the 
selected powdery material. 
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